Groundwater is one of the main resources from the earth, especially for arid or semiarid countries. For this reason, it is very important to keep it unpolluted. Drastic Model is one of the widely used models to detect groundwater vulnerability to the contaminants that are found on ground surface. In this model, it is assumed that the vulnerability of the groundwater is affected by seven hydrological parameters. They are: depth from the surface ground to groundwater, net recharge into the aquifer from the surface, aquifer media, soil media, area topography, impact of vadose zone and aquifer hydraulic conductivity. In this study, the DRASTIC model was applied on the northern part of Babylon governorate in Iraq, to predict the vulnerability of Groundwater in that area. The results indicate that the vulnerability is very low to low grade.
Introduction
In the last decades, big developments took place in all fields of knowledge and industry with intensive attention on investment of all available resources to get the maximum benefit with minimum cost and minimum side effects on the environment.
Groundwater is one of the main water resources on the earth [1] [2] , especially for arid and semi-arid countries for two reasons. The first is the scarcity of both surface water, and the second is the relatively low susceptibility of groundwater to pollution [3] . After the industrial revolution the world witnessed many changes due to the global warming as a result of the large development in industry. Consequently, many countries were affected and became arid or semi-arid. Middle East and North Africa countries are on the top of the affected countries. Some studies highlighted the size of the problem by comparing the annual water share for each person. For Iraq, it was found that the share reached about 6029 (m 3 /capita·year) during 1995, and it was expected to be 2100 (m 3 /capita·year) in 2015 [4] .
Recent work indicates that Iraq is facing water crises problems and its water resources are declining due to climate change and building of dams upstream the Tigris and Euphrates rivers [5] - [14] . Due to this fact, Iraq will be depending more on its groundwater resources. Since groundwater is threatened to be contaminated due to natural reasons or different human activities (e.g. residential, industrial, agricultural activities municipal and commercial) [15] , in addition for the fact that water quality is an effective measure for human welfare [16] , then it becomes very important to study the groundwater potential to be contaminated and try to avoid contamination hazards.
There are two types of vulnerability intrinsic and specific vulnerability. Intrinsic vulnerability may be defined as how much easy for the contaminant that is found on the surface ground to be carried by the infiltrated water and diffused in to the groundwater [17] [18] , while the specific vulnerability could be defined as the ability of a specific contaminant or a group of contaminants to be transported by the infiltrated water and diffuses in groundwater [17] [19] .
Some researchers studied the vulnerability of groundwater in various parts of Iraq [20] [22] , but none of them studied the groundwater conditions in Babylon Governorate. The groundwater in this area is relatively shallow and can be easily contaminated.
For this reason this research was performed to see the vulnerability of groundwater to be polluted in the northern part of Babylon Governorate. This can help decision makers for putting prudent management planning for the groundwater resources in this governorate.
Study Area

Location
The studied area represents the north part of Babylon governorate, the famous ancient city which is located in the middle part of Iraq about 100 km south of the capital Bagh- The stratigraphy of the Mesopotamian region was summarized by Yacoub [25] . The sequence of deposits can be summarized as follow ( Figure 3 ). The aquifer-aquitard in Mesopotamia Plain is considered lithological complex aquifer system [26] . This is due to the fact that there are abrupt lithological changes in the Mesopotamian plan which affects the hydrogeological properties. These effects represented by the heterogeneous lithification (laterally and vertically) on the sediments which lead to heterogeneous hydraulic conductivity in the plain, consequently difficulty in aquifer-aquitard delineation.
Population and Water Use
The population of the study area is 710,832. The major cities cover an area of 32.12 km 2 with a population density greater than 5000 (capita/km 2 ), and the remainder of the area (2691 km   2 ) has population density less than that (see Figure 6 ).
The main share of the used water in this area is consumed in the agriculture purposes with the fact of presence about 2961 km 2 arable area. Figure 6 . North Babylon population distribution.
Hydrology of the Mesopotamia Plain
The groundwater piezometric level for the plain is based on the assumption of the hydraulic continuity within the entire Quaternary aquifer system. This means that all the aquifers in the plain are in a hydraulic continuity, which depends on the degree of lithification. Furthermore, there are two more facts related to the hydrogeological conditions in the sedimentary plain. The first is the hydraulic continuity between the aquifer complex system and the rivers in the plain and the second is the hydraulic continuity between the aquifer system and the deep formation underlying the fluvial deposits.
Thus, depending on these assumptions the water table can be drawn in Mesopotamia
Plain [26] .
Methodology
In this study the DRASTIC model with the aid of GIS program was used to evaluate the intrinsic vulnerability of the aquifer of the study area [28] [29] . DRASTIC model was first developed by the United State Environmental Protection Agency (EPA) for evaluating the groundwater pollution potential [30] [31] [32] , and during the last years it was widely used [33] , because it gives a good indication for the groundwater sensitivity for the contaminants, and it is easy to get the required information for application of this model on groundwater [2] .
The concept of DRASTIC model is that groundwater is affected by the contaminants that are carried by infiltrated water from the surface of the ground. In this model the contaminants are assumed to be on the ground surface, they are flushed into the groundwater by precipitation, and they have the mobility of the water [31] .
According to DRASTIC model, the intrinsic vulnerability of the aquifer is affected by seven geological, hydrological parameters. These can cause changes of the groundwater quality of the aquifer [30] . In DRASTIC model each parameter has two values the first value is the rating value and the second is the weighting value. The rating value for each parameter ranges from 1 to 10 depending on the different effects of the variable types of that parameter on the vulnerability of the aquifer. The weighting value of each parameter is a constant value in the model, i.e. it will be constant for different rating values of that parameter.
The parameter weight value depends on the potential effect of that parameter on the groundwater vulnerability. Table 1 and Table 2 show the weight values with a brief description for each parameter and how it affects the vulnerability of the aquifer and the rating values for different cases for each parameter can be seen respectively.
DRASTIC index is the output of the DRASTIC model, which represents the vulnerability index of the groundwater, i.e. the higher DRASTIC index the greater chance for the groundwater to be affected by the pollution of the contaminants. The DRASTIC It is the amount of water/unit area of land that penetrates the ground surface and reaches the water table, it is the reporting agents for pollutants to the groundwater.
Aquifer media
It is the potential area for water storage, the contaminant attenuation of aquifer depends on the amount and sorting of fine grains, lower the grain size higher the attenuation capacity of aquifer media.
Soil media
Soil media is the uppermost and weathered part of the ground, soil cover characteristics influence the surface and downward movement of contaminants.
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Topography it refers to slope or steepness, areas with low slope tend to retain water for longer, this allows a greater infiltration of recharge of water and a greater potential for contaminant migration and vulnerable to ground water contamination and vice versa.
Impact of vadose zone
It is the ground portion found between the aquifer and the soil cover in which pores or joints are unsaturated, its influence on aquifer pollution potential similar to that of soil cover, depending on its permeability, and on the attenuation characteristics of the media.
Hydraulic Conductivity
It refers to the ability of the aquifer formation to transmit water; an aquifer with high conductivity is vulnerable to substantial contamination as a plume of contamination can move easily through the aquifer. Table 2 . DRASTIC parameters and their rating scale [30] . Table 3 . From Table 3 , it can be seen that high DRASTIC index corresponds to high vulnerability, i.e. groundwater is easily affected by the contaminants.
D D D R R A A S S T T I I C C
Results and Discussion
After collecting and inputting all the required data to find the aquifer vulnerability for north Babylon region, Arc Map software was used to construct seven rated layers for that region representing seven parameters' maps, with one layer for each parameter.
The resulting maps were two for each variable (before the rating and after the rating).
Depth to Groundwater Table Map
The results from the Arc Map program showed that the area of north Babylon is 2794.42 km 2 . The unrated map for the depth to the groundwater is shown in Figure   7 (a). The results indicate that most of the region (about 87% from the area) has a depth to groundwater ranging from 1.5 to 4.5 m, and a small area (about 11%) has groundwater depth with a range of 4.5 to 9.1 m and a very small area with depth to ground- Table 3 . Vulnerability classification. water less than 1.5 m. By using the Arc Map toolboxes the rated map for the depth to the groundwater was produced, and it is shown in Figure 7 . The rated map ( Figure  7 (b)) shows that there are three zones (depending on the rating) in the studied area which are 7, 9 and 10 zones.
Net Recharge Map
Figure 8(a) shows the unrated recharge map of the studied area. It is obvious from the map that all the area has a net recharge less than 50 mm/year. Consequently the rated map for the recharge is one zone map which has rating equal to 1 (Figure 8(b) ).
Aquifer Media Map
The aquifer media for the studied area is from one type which is silty clay, as shown in Figure 9 (a). Depending on that classification the rated map of the aquifer media has also one type rating which is 6 ( Figure 9(b) ).
Soil Map
According to Table 1 and the soil map for the study area (Figure 10 
Topographic Map (Slope Map)
The topographic map can be produced by using the Digital Elevation Map (DEM) and the Arc toolboxes in ArcMap. The topographic map of the area is shown in Figure   11 (a). The results show that most of the area (which is about 93%) has a slope ranging between 0% and 2%, while an area about 6.5% has a slope ranging from 2% to 6%. Finally, a very small area (0.026%) has a slope ranging between 6% and 10%. According to the unrated map of the slope the topographic rated map can be drawn as in Figure   11 (b), in which three types of zones can be distinguished according to the slope value which is 5, 9 and 10 rated zones.
Impact of Vadose Zone Map
Figure 12(a) shows the unrated map of impact of vadose zone, in this figure the area is classified as one type, because the entire region has one type of vadose zone which is silty clay. Due to that classification the resultant rated map for impact of vadose zone in Figure 12 (b) is also one type and has the rating 3 according to the classification in Table 2 . Figure 13 (a) represents the unrated map of hydraulic conductivity, according to the results, the region is divided into 3 zones due to the difference in the hydraulic (Figure 13(b) ). The resultant rated map shows three zones with rating 1, 2 and 4. Table 4 shows some statistical values for the rated maps for all the seven parameters.
Hydraulic Conductivity Map
The integrated vulnerability map is shown in Figure 14 . The map indicates that the region is divided into two zones according to the vulnerability. The first and second zones have vulnerability of (86 -100) and (100 -120) respectively. So the region in general is either has very low vulnerability or low vulnerability. This is due to the low rating values of the factors or because of the low weight values of these factors, especially recharge factor and impact of vadose zone, where they have high weight values but low rating values.
Conclusion
Due to water shortage problems in Iraq, it is expected that the demand of using groundwater resources will increase with time. Pollution of groundwater will create severe consequences. DRASTIC model had been applied to look at the vulnerability of Figure 14 . Vulnerability map. groundwater to pollution in the northern part of Babylon Governorate in Iraq. The results indicated that the area is divided into two regions according to its vulnerability. It either has very low vulnerability or low vulnerability. This leads to the possibility to utilize the groundwater in this region with small risks on its chemical or physical properties. It is noteworthy to mention that further checking is required due to the fact that the low rating values of the factors or because of the low weight values of these factors.
